In 2005, the National Institutes of Health (NIH) called for proposals to develop clinical and translational science (CTS) centers at institutions nationwide. 1 As first articulated in the NIH Roadmap, 2 the rationale for funding this initiative was that, by making the boundaries between basic and clinical research more permeable, research findings could be more rapidly translated into broad improvements in public health. 3 Every year, the NIH gives $500 million in Clinical and Translational Science Awards (CTSAs) to create and support these centers, representing the largest publicly funded outlay aimed at stimulating translational research. 4 In 2006, the NIH awarded its first 12 CTSAs through the National Center for Research Resources. As of 2011, the NIH reached its goal of funding 60 institutions through the CTSA program, which is now under the auspices of the National Center for Advancing Translational Sciences. 5 A primary mission of CTSAfunded institutions is establishing CTS as a discipline; the key metric for judging their success will be the number and quality of translational investigators they train. 6 The overall initiative was based on the recognition that, to promote CTS objectives, a qualitatively different type of investigator was required, one for whom the necessary expertise could no longer be acquired on the job. 1, 7 To fulfill the education and training goals of this new discipline, the majority of CTSA-funded institutions have established certificate programs and master's degree programs in CTS. 8 Because a doctoral program is the most academically rigorous form of training in the core principles of CTS, the NIH encourages institutions that do not have PhD programs in CTS to develop them. It also encourages institutions that already have CTS-related PhD programs to consolidate these programs under CTSA program oversight. 1 Anecdotal evidence indicates that institutions have faced challenges to creating these programs, including financial barriers, lack of institutional support, and competition for students from similar programs. They have also faced challenges to developing and strengthening the programs, including difficulties in defining CTS and delineating it from other disciplines, lack of agreement about core competencies and related curricula, and problems in demarcating and defining the core faculty. [9] [10] [11] Yet, despite the fact that some CTSAs were awarded as long as six years ago, no systematic investigation has been done of the development and characteristics of PhD programs in CTS.
We believed that the maturation of the CTSA programs made this an ideal time to address several key questions about the evolution of PhD programs in CTS. We therefore developed a cross-sectional survey to gather data from leaders of CTS programs at the 60 institutions that have received CTSAs. Our specific goals were to determine how many of these institutions currently had or were developing PhD programs in CTS, to examine potential differences between programs developed before and after the CTSA funding initiative (previously existing versus newly developed programs), and to describe in detail the characteristics of the new 
Method
In 2012, CTS program leaders at the 60 CTSA-funded institutions completed a cross-sectional survey focusing on four key domains related to PhD programs in CTS: program development and oversight; students; curriculum and research; and milestones.
Results
Twenty-two institutions had fully developed PhD programs in CTS, and 268 students were earning PhDs in this new field; 13 institutions were planning PhD programs. New programs were more likely to have fully developed PhD competencies and more likely to include students in medical school, students working only on their PhD, students working on a first doctoral degree, and students working in T1 translational research. They were less likely to include physicians and students working in clinical or T2 research.
Conclusions
Although CTS PhD programs have similarities, they also vary in their characteristics and management of students. This may be due to diversity in translational science itself or to the relative infancy of CTS as a discipline.
programs. We believed that the findings from our survey would serve as a marker of the impact of CTSA funding on the development and deployment of trained investigators in CTS.
Method

Survey development and content
Our survey development team consisted of individuals who have expertise in survey design, academic program administration, and data analysis and also have experience in developing a PhD program in CTS.
The purpose of our survey was to gather data about the CTSA-funded institutions and the characteristics of their CTS programs. The survey focused on four key domains related to PhD programs in CTS: (1) program development and oversight, (2) students, (3) curriculum and research, and (4) milestones. Each domain covered multiple topics. For example, the program development and oversight domain assessed the year that program planning began, the year the first students were enrolled, the school that confers the PhD, whether there are faculty positions in the departmental home of the PhD, committee structure, financial support for students, mentoring models, and outcomes. The student domain assessed the program's admission requirements, numbers and sociodemographic characteristics of students, expected and actual time for program completion, and student outcomes (e.g., number of program graduates and types of intended postgraduate careers). The curriculum and research domain assessed whether the program had required core courses or specialty tracks, minimum credits for graduation, whether independent research was required, and when independent research was expected to begin. The milestones domain assessed whether or not there were preliminary, comprehensive, and candidacy examinations, the format and timing of these examinations, and allowable formats for the dissertation.
In drafting the survey, we had input from several members of the Education Key Function Committee of the CTSA Consortium. This CTSA education committee supports the advancement of integrated and interdisciplinary education and training in CTS by facilitating the dissemination of new teaching ideas and curricula and educational resource sharing (www.ctsacentral.org/ committee/education-and-careerdevelopment). We elicited feedback about the survey's overall content and wording of specific items and worked in an iterative fashion to incorporate changes. We pilot-tested the survey with members of this committee in September 2011 and made additional refinements based on their comments.
The final survey consisted of 49 items to be administered online. An item near the beginning of the survey asked respondents whether their institution had or was planning a PhD program in CTS. This item was designed to serve as a screening item. If respondents answered no, they were thanked for their participation and were not asked to complete the majority of the remaining items. If respondents answered yes, they were asked whether their program was fully developed or still in the planning stages. If it was fully developed, they were asked, "Was the program developed as a result of CTSA funding or did it already exist?" The response to this item allowed us to divide the respondents into our two study groups: (1) institutions with previously existing PhD programs in CTS and (2) institutions with newly developed ones.
Survey administration and data analysis
We sent an e-mail describing the study to all 60 directors of CTSA research education, training, and career development cores. Contact information for directors was obtained through a combination of searches of each program's Web site and personal telephone contact with each program. In this November 2011 e-mail, we asked each director to have the institutional representative who was most knowledgeable about existing or planned PhD programs in CTS to complete the survey at a secure online site within three weeks. Most surveys were completed within this time frame. Using follow-up e-mails and telephone calls, we achieved a 100% response rate. In the few cases in which we needed clarification of survey responses, we obtained the information through personal communication with program administrators. To complete our study, we also needed information about didactic course work that formed the basis of the PhD programs. In January 2012, we retrieved this information from program course listings on each institution's Web site and through telephone calls with program leaders.
Raw questionnaire data were aggregated into an Excel file for analysis. Analyses were primarily descriptive. Frequencies and percentages were calculated for all program and student characteristics.
Results
CTSA-funded institutions
Of the 60 CTSA-funded institutions (Figure 1 ), 26 did not have and were not planning to have a PhD program in CTS. The most common reasons for this pertained to lack of demand and lack of funding: general lack of demand (5 programs; 19%), demand for the program was filled by other PhD programs in the same geographic area (3; 12%), demand for the program was filled by similar PhD programs at the same institution (8; 31%), insufficient funding for students (7; 27%), and insufficient funding for the program itself (8; 31%). An additional reason cited was difficulty in defining CTS as a field (42%)
. In an open-ended follow-up question asking about additional reasons for not initiating a PhD program, some institutions indicated that there was no need for a CTS doctoral degree, that master's level training was sufficient, or that PhD programs should be disciplinebased and that training in CTS did not warrant a stand-alone degree.
Of the remaining 34 CTSA-funded institutions, 13 were in various stages of planning a PhD program in CTS, Medical students also earning PhDs were included in this category. ‡ Data on student research type were not reported for 19 students (10%) in previously existing programs and 13 students (16%) in newly developed programs and are therefore not included in the table.
whereas 21 already had a developed PhD program in this field. One institution had 2 programs, so Figure 1 shows 22 fully developed programs. Of the 22 PhD programs in CTS, 11 had been created before CTSA funding was received (previously existing programs), and 11 had been created after funding was received (newly developed programs).
Key differences between previously existing and newly developed PhD programs
Although the 11 previously existing and 11 newly developed PhD programs in CTS* had many similarities, they also had some key differences (see Table 1 ). For example, newly developed programs were more likely to include students in medical school, students working only on their PhD, students working on a first doctoral degree, and students working in T1 translational research (research that uses laboratory understanding of disease mechanisms to develop new methods for diagnosis, therapy, and prevention and to first test them in humans). They were less likely to include physicians, to include students working in clinical or T2 translational research (using results from clinical studies to inform everyday clinical practice and health decision making), and to expect doctoral students to begin their research in the first year of the program. Although newly developed programs were more likely to have lab rotations as a required part of PhD training and were also more likely to have fully developed PhD competencies, they tended to assign a smaller percentage of the total required PhD credits to didactic course work (34% of total credits for newer programs versus 52% for previously existing programs).
Consistent with these results, the analysis of the characteristics of students in the PhD programs showed that students in the newer programs were more likely to be working solely on their PhD degree (i.e., were not physicians or medical students), to be working on their first doctoral degree, and to be engaged in T1 research. Table 2 ). At the time of the survey, the majority of institutions planned to confer PhD degrees through their graduate school but did not have faculty positions available in the departmental home in which degree candidates would work. Most of the programs had admissions and curriculum committees but not steering or disciplinary committees; most supported their students through a combination of departmental funds, federal funds awarded to mentors, training grants, career development grants, and employee education benefits; and most used a team mentoring model. Most were not tracking any outcomes for program graduates, but this may change in the future because most had not yet graduated any PhD students. Of the programs that were tracking outcomes, the majority were following career progress.
Students. Even though 9 of the 11 programs required standardized tests for admission of students (typically GREs or MCATs), only 5 required prior research experience (see Table 3 ). Whereas all programs allowed entering students to transfer some credits, the mean number allowed was 16.9 credits. Of the programs, 10 included students who were working only on their PhD, 8 included students in medical school, and 6 included physicians at various levels of training. Most programs did not require students to pay their own tuition. Although most of them expected students to graduate in about five years, 4 programs reported having had students leave before completion, and 4 had graduated students from the program with an average time to graduation of 4.4 years (52.8 months). The majority expected their graduates to enter academic research or academic clinical positions following PhD program completion.
Curriculum and research. All 11 programs had a set of required core courses, but the majority did not have specialty fields or tracks within their PhD program (see Table 4 ). The number of credits required for graduation ranged from 30 to 150, with most programs requiring fewer than 90 credits. The mean number of credits was 71, with an average of 29 credits (average 34%) assigned to didactic course work. Of the programs, 9 required lab rotations, and 6 had fully developed PhD competencies (see Table 1 ). All programs required independently conducted research, but the majority had no set time point for the beginning of independent research. The mean number of transferable credits was 16.9. The mean actual time to graduation was 4.4 years (52.8 months), with a range of 37 to 60 months.
Milestones. Of the 11 programs, 5 had a preliminary exam, 6 had a comprehensive exam, and 10 had a candidacy exam. The formats for these varied widely (Table 4) . For example, for the comprehensive exam, the most common formats were an oral examination and a written grant application. Whereas 10 programs allowed a traditional full-length dissertation, 6 allowed a compilation of manuscripts (average of 2.8 manuscripts)
as an alternative to a full-length dissertation.
Discussion
Our study represents the first systematic investigation of the characteristics of PhD programs in CTS and of the impact of CTSA funding on the development of these programs. Our survey of the 60 CTSA-funded institutions suggests that the NIH investment to establish CTS programs nationwide has led to considerable activity. In 2011, when the survey was completed, 21 recipients of CTSAs had fully developed PhD programs in CTS (11 created before and 11 created after CTSA funding; 1 institution had 2 programs), 13 other institutions were planning PhD programs, and 268 students were earning PhDs in this new field. The three key barriers to establishing programs were lack of demand, lack of financial resources, and difficulty defining the scope and content of a PhD program in CTS. The first and second of these barriers may lead an institution to view the mobilization of resources required to create a PhD program as either unnecessary or impractical, and the third may reflect the relatively recent emergence of CTS as a field of study.
Our survey revealed several key differences between programs developed before and after the CTSA initiative. One key difference was that the newly developed programs included more students in medical school, students working only on their PhD, and students working on a first doctoral degree. They included fewer physicians. The fact that they were serving a different and potentially less mature student population may explain why the newer programs were less likely to begin independent research at the onset of the program. A second key difference was that the newer programs were more likely to focus on T1 research, whereas the older programs tended to focus on clinical and T2 research. This difference may be a function of the fact that the older programs attracted more students with MD degrees, a group that also may have been more likely to focus on clinical investigation rather than the translation of basic science findings into public health improvements. And a third key difference was that the newer programs were more likely to have established competencies. This may be a reflection of the fact that during their development, these new programs were directly confronted with the challenge of defining and categorizing the content of a PhD program in CTS.
Our most important aim was to describe the characteristics of those PhD programs developed as a direct result of CTSA funding, rather than those adapted from existing programs. Because both the framework and the content of the 11 newly developed programs were fully formulated with CTS goals in mind, they most clearly represent what national leaders in CTS believe CTS training should comprise. Although the 11 newer programs had many similarities, they varied widely not only with regard to the characteristics of their students but also with regard to the management of the students and programs. For example, the survey showed that programs varied in terms of how they funded their students, how many credits they allowed their students to transfer from other institutions, whether they required their students to take preliminary and comprehensive exams, what types of careers they expected their graduates to enter, and how intensely they tracked or planned to track the outcomes of their programs. In addition, although the survey found clear agreement that a set of core courses and independent research should be required, it found less consensus about the content of required courses or the time point at which independent research should begin. Most programs, for example, required research methods and career development courses, but incrementally fewer required analytic, CTS, regulatory, basic science, and communication courses.
Unlike PhD programs in more wellestablished areas, such as immunology, biochemistry, economics, and psychology, the PhD programs in CTS vary greatly in student characteristics, core course content, and program milestones. On the one hand, this diversity may reflect the nature of CTS, which encompasses a broad range of research types and activities, and program-to-program variation will continue even as the programs mature. On the other hand, the variation may be attributable to the relative infancy of CTS as a discipline or to the fact that most programs are housed in medical schools without a long history of or clear template for establishing and maintaining non-basic-science PhD programs. If this is the case, the maturation of the discipline may lead to the convergence of the characteristics and requirements of the CTS programs.
A key strength of our study is that we based our findings on a 100% response rate from CTSA-funded institutions throughout the United States. One limitation is that our data do not allow us to fully explain whether differences between existing and newly developed programs are a result of differences in the programs' goals, their entrance requirements, or the type of students they ultimately attract. A second limitation is the lack of information on PhD program graduates, particularly for the newly developed programs, which still have only a few graduates. This presents an opportunity for future research and program comparison.
Conclusions
Although PhD programs in CTS have numerous similarities, they also have interesting variations that are related to the characteristics and management of students and may be due to diversity in translational science itself or to the relative infancy of CTS as a discipline.
Although we believe that our results offer insight into the development and characteristics of PhD programs in CTS, we recognize that a full understanding of the evolution and final configuration of currently functioning and planned PhD programs in this field will require additional investigations. management, analysis, and interpretation of the data; or preparation, review, or approval of the manuscript.
